When the degree of full-fat soybean (FFSB) 
INTRODUCTION
The use of full-fat soybeans (FFSB) in animal feeds has been limited because of the uncertainty of the exact availability of the amino acids. This arises due to both the presence of biologically active substances with an anti-nutrient action, which are contained in raw soybean, as well as the effect that processing has on the availability of the amino acids contained therein. Processing of the raw FFSB by means of heat destroys the anti-nutrients, thus making them fit for use in monogastric diets. The problem relating to the availability of the amino acids in the heat-treated soybeans arises due to the fact that only an optimum level of heat treatment will produce maximal availability of the amino acids to the animal. Both under-and over-processing result in decreased availability of amino acids (4) .
Amongst other authors, Holmes (1), Ruiz et al. (2) and Zarkadas et al. (3) showed that moderate heating is necessary to increase the digestibility of soybean protein for nonruminants. A comparatively mild heating leads to partial protein degradation (denaturation of tertiary and quaternary structures), allowing more effective penetration by digestion enzymes.
One of the major concerns is: what happens when FFSB is under-or over-processed? Is the one more detrimental than the other? To define under-and over-processing is easy in theoretical terms, but is it easy to define it in practice? The following mechanisms are involved in under-and over-processing:
Under-processing: Residual trypsin inhibitor mediates its effects via the digestive processes, affecting both endogenous and exogenous amino acid losses. It also binds and inactivates the pancreatic enzyme trypsin (4). The result is that protein digestibility is reduced and swelling of the pancreas occurs, caused by the production of additional trypsin and chymotrypsin.
Over-processing: In this process, proteins are more than partially denaturated and amino acid availability is reduced. This is because the Maillard reaction takes place, i.e. reducing sugars react with the epsilon-amino group of lysine (4) .
As a consequence, the objective of heating processes for full-fat soybeans, intended for inclusion in diets for poultry and pigs, is to maintain optimum balance between degradation of anti-nutrients on the one hand and maintenance of protein digestibility on the other.
Commonly used methods for assessing the processed FFSB quality are those for the determination of: In a critical assessments of methods, Palic et al. (5, 6) , established that some of commonly used methods, e.g. UAI, have limitations, as they can be used only to determine the under-processed FFSB, that some of the methods are very complicated to perform, such as TIA and Lysine availability, and concluded that protein solubility is the best indicator for FFSB quality control and that therefore PSKOH, NSI and PDI methods would be the prefferd choice. A problem represents the fact that there is a lack of a standard with known protein solubility, against which the protein solubility of processed FFSB would be determined.
Special practical problem imposes the fact that universal ranges of units for PSKOH, PDI and NSI methods, for describing the under-, adequately-and over-processed FFSB, are used globally, without taking into consideration specific regional differences (7) .
The aim of this study was to develop a protocol for establishing unit ranges for defining under-, well-and over processed FFSB, when protein solubility is used as an indicator of the extent of heat treatment.
EXPERIMENTAL
In the absence of a standard with known value of protein solubility, the solution is to use an "indirect" standard, which can be obtained through in vivo trial with animals.
Therefore, the proposed protocol for establishing the degree of FFSB processing, when protein solubility is used as an indicator of heat treatment extent, consists of the following steps.
Step 1. Raw soybeans processing A number, but not less than five, samples of FFSB processed at different temperatures, i.e. exposed to different extents of heat, is produced. In this study, raw soybeans, with moisture of 10-11%, were processed by dry extrusion, using industrial "Insta-Pro 2000R" single screw extruder at 8 temperatures: 110, 120, 127, 136, 140, 145, 151 and 165°C, with the processing time ranging between 30 and 40 seconds.
Step 2. In vivo trial Samples of FFSB produced in Step 1 are fed to animals and their performance is monitored. In the work presented, a total of 384 male Ross broilers were randomly allocated to 48 pens, each containing 8 birds. On arrival, all broilers were sorted into equal weight groups, and assigned at random to the different treatment pens, such that initial average weight and weight distribution were similar for all pens. They were allocated to one of eight dietary treatments containing the processed FFSB. The average body weight gain (ADWG), in the period from 0 to 14 days of age, and feed conversion ratio (FCR), on day 14, were monitored as production parameters.
Step 3. Choice of laboratory method A laboratory method for determining protein solubility is chosen. In this study, as a model-method for determining protein solubility as an indicator of the extent of soybean processing, the Protein solubility in potassium hydroxide (PSKOH), as described by Palic (8) , has been chosen. Eight samples of FFSB processed in Step 1 were analysed for PSKOH in duplicates by five laboratories. Statistical analysis. Data were analyzed using the statistical program SAS/STAT (9). The experiment was designed as a randomized complete block with five replicates per treatment. Analysis of variance (ANOVA) was used to test for differences between treatments. Treatment means were separated using Fishers' protected t-test least significant difference (LSD) at the 5 % level of significance.
RESULTS AND DISCUSSION
The results of the in vivo trial are shown in Table 1 and Figure 2 . C and  151 o C, were significant (P<0.05). Based on these parameters, a relation between the temperature of extruding and the in vivo assessment of the degree of FFSB processing has been derived and is shown in Table 2 . Table 2 . Relation between the temperature of extruding and the in vivo assessment of the degree of FFSB processing
The results of the protein solubility in potassium hydroxide (PSKOH) are shown in Table 3 .
Degree of FFSB processing
Temperature of extrusion (
Adequately -processed 136 -145
Over-processed > 145 (Table 3) , were 76.51 % and 67.14%, or for the practical application, 77 % and 67% respectively. Therefore, the following ranges, shown in Table 4 , for describing the degree of FFSB processing when PSKOH method is used, have been established. Table 4 . Ranges for describing the degree of FFSB processing using PSKOH method Degree of FFSB processing PSKOH (%) Under-processed >77%
Adequately-processed 67% -77%
Over-processed <67%
CONCLUSION
Using the protocol described in this study, the ranges for any laboratory method which uses protein solubility as an indicator of the extent of FFSB heat treatment, can be established. The numerical value of the units for the method(s) established by using the proposed protocol, take into consideration regional differences such as soybean quality and may be safely applied for FFSB quality control, regardless of what the globally accepted unit ranges for the specific method(s) are.
